Wear with exposure to particle impact is a consequence of a transfer of energy from the moving particle to the surface subject to wear that takes place with discrete contact. According to the energy theory of wear, the process of destruction of the surface layer of rubber compound is of the activation type. For it to take place, an energy density comparable with the destruction energy must be brought to bear on or built up in a critical volume of material.
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The amount of energy absorbed by a surface during impact depends on the type of friction contact, which is governed by the angle of attack, the particle mass and velocity and also the physical/mechanical properties of the surface material.
In quantitative terms, the amount of energy transferred to the surface subject to wear may be expressed by the mechanical loss coefficient
where W 0 is the initial stock of energy of the moving particle; ∆W is the absorbed energy.
where W f is the particle energy following impact.
The mechanical loss coefficient (in %) with a direct impact, which is in fact a relative hysteresis, may be determined experimentally using a Schob pendulum, via the recoil elasticity S [1] S W W h h
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where W 0 is the initial energy of the striker; W f is the final energy of the striker; h 0 is the initial height to which the striker is raised; h f is the final height of the striker following impact.
It follows from equations (1) - (3) that
The units and parts of the equipment are, however, exposed to a flow of abrasive particles acting at any angle to their working surfaces. Direct impact of a particle is a specific case.
Standard instruments for mechanical testing of rubber compounds do not provide the potential to measure mechanical losses in the event of an oblique impact. Figure 1 shows a diagram of an experimental rig used to determine the mechanical loss coefficient for any angle of attack. The rubber compound specimen 2 is placed in a holder 3 which can rotate about its axis to an angle of between 0 and 90°. This allows variation of the angle of attack α 0 of a steel ball impacting on the surface of the specimen. A pneumatic spring accelerator 1 imparts a set velocity to the steel ball -from 0 to 150 m/s. The velocity of the ball is determined using a photodiode 6, a piezoelectric transducer 7 and an oscillograph 5, which record the time of movement at a known distance between them; the range and angle of recoil of the ball are recorded on a panel 4.
The mechanical loss coefficient is determined from the loss of kinetic energy before and after impact, which may be expressed via the ball recoil distance with and without impact (see Figure 1) . Taking into account expressions (1) and (2) 
where V 0 and V f are the velocity before and after impact; l 0 and l f are the recoil distance without and with impact.
The specimens for study were made of rubber compound based on NK and SKS-30ARKM-15 with differing carbon-black filling. The sulphur and carbonblack content in the rubber mixtures, and also the hardness and elasticity, are given in Table 1 . It may be seen from the analysis of the results obtained that the type of rubber has no bearing on the shape of the curve for the mechanical loss coefficient against angle of attack. The main influence comes from the hardness and elasticity of the rubber compound. In the range of angles from 30° to 40° we see one of the peaks for mechanical loss coefficient values. An increase in carbon black content, and consequently in the hardness and elasticity modulus, leads to a diminution in this peak, and eventually to its total disappearance. Losses at angles close to 90°, however, increase.
Attention should be drawn to a clearly traceable inversion in the mechanical loss coefficient at large and small angles of attack. The higher the elasticity, the (1-5) and SKS-30ARKM-15 (6-10) (curve numbers match numbers in Table 1) smaller the losses with direct impact and at small angles of attack, and vice versa.
The nature of the dependence observed and the experimental studies performed [2, 3] enable us to suggest a model of friction contact of solid particle with elastic surface on impact.
Three main factors influencing mechanical losses may be identified: hysteresis energy losses linked to the action of a force normal to the surface when the particle is introduced; hysteresis energy losses linked to the tangential shear strain in the rubber compound with an oblique impact; and energy losses on friction work with relative movement of the particle along the surface.
At an angle of attack that is close to 90° only losses of the first type arise, so the series in which rubber compounds are considered in terms of mechanical loss coefficient values (see Figure 2 ) and in terms of elasticity coincide. Hysteresis losses in less elastic rubber compounds are larger. The hysteresis losses linked to normal and tangential strain are therefore stable, especially for the soft and medium-hard rubber compounds 1-3 and 6-8 (see Figure 2 ) in the 45°-90° angle of attack range.
A further diminution in the angle of attack leads to a change in the type of friction contact between particle and surface. There is a transition from a combined elastic shear contact between surface and particle to sliding of the particle along the surface of the rubber. The work of friction forces is then governed by the coefficient of friction f, the path length l and the normal force N acting on the particle A fr = Nfl Each of these parameters varies in the 0°-40° angle of attack range following its own patterns. The coefficient of friction may be taken as roughly constant. The friction path varies from a maximum to zero, and the normal force from zero to a maximum. As a result we get the characteristic mechanical losses peak in this range of angles of attack.
The inversion of the mechanical loss coefficient at small angles is explained by the governing influence, not of hysteresis losses, but of losses to friction. It was experimentally established that the higher the hardness of the rubber compound, the lower the coefficient of friction. This is linked to the diminution in the strain component of the coefficient of friction. Therefore the series in which the rubber compounds are laid out in terms of coefficient of friction and mechanical loss values are identical.
The shape of the curve for mechanical loss coefficient against angle of attack obtained in the experiment (see Figure 2 ) is a consequence of superposition of all the processes described, and it correlates adequately well with the proposed model of interaction between solid particle and rubber compound surface.
